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APPENDICES

Appendix A Methodology for Interfacial Tension Measurement

T h e  in te rfa c ia l te n s io n  m e a su re m e n ts  o f  th e  se le c te d  sy s te m  w e re  c a rried  
o u t b y  u s in g  a  K riiss  sp in n in g  d ro p  te n s io m e te r  (S IT E  04). T h e  d e n se r  liq u id  w as 
filled  in to  th e  cap illa ry . T h e  lig h te r  p h a se  (0 .4  p L ) w a s  in je c te d  in to  th e  c a p illa ry  
th ro u g h  a  se p tu m  u s in g  m ic ro sy rin g e , th e  ro ta tin g  sp e e d  w a s  in c re a se d . A fte r  a  few  
seco n d s , th e  d ro p le t a p p e a re d  in  th e  fie ld  o f  v is io n  an d  th e  d ro p le t le n g th  co u ld  b e  
ad ju s te d  b y  a lte r in g  th e  ro ta tin g  sp eed . W h e n  th e  d ro p le t le n g th  w a s  m o re  th an  4 
tim e s  its  d ia m e te r , th e  d ia m e te r  m e a su re m e n t w a s  ta k e n  u s in g  a  b u ilt- in  m ic ro sco p e .

T h e  in te rfa c ia l te n s io n  w a s  c a lc u la te d  a c c o rd in g  to  e q u a tio n  A 1 .

IF T  =  3 .4 2 7 x 1  O'7 (0 .31 X d )3 ท2A p [E q .A l]

w h e re , d =  d ia m e te r  o f  th e  d ro p le t; ท =  sp eed ; A p =  th e  d e n s ity  d if fe re n c e  b e tw e e n  
th e  h e a v y  p h a se  an d  th e  lig h t p h ase .
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Appendix B Methodology for Preparation of Standard Solution for 
Calculation of the Retained Oil

H a lf  g ra m s (±  0.1 m g ) o f  th e  c o lo re d  o il w a s  w e ig h e d  in to  a  100 -m L  
v o lu m e tr ic  f la sk  an d  d ilu te d  to  v o lu m e  u s in g  b u ta n - l -o l .  T h e  s ta n d a rd  s to ck  so lu tio n  
o f  5 ,0 0 0  m g /L  o r  0 .5  %  c o lo re d  o il w a s  o b ta in e d . T h e  d ilu tio n  o f  th is  s to c k  w as 
m a d e  to  th e  re q u ire d  c o n c e n tra tio n  in to  th e  5 0 -m L  v o lu m e tr ic  f la sk  in  o rd e r  to  c o n 
s tru c t th e  c a lib ra tio n  cu rv e . In  th is  w o rk , th e  s ta n d a rd  cu rv e  o f  100 -  2 ,0 0 0  p p m  o f  
c o lo re d  o il w a s  e s tab lish ed .
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Appendix c  Methodology for Validation of the Dye-Tracer Technique

T o  e n su re  th a t th e  d y e  a n d  th e  o ily  so il w e re  re m o v e d  b y  su rfa c ta n t so lu 
tio n s  in  th e  sa m e  p ro p o rtio n  as in  th e  so il b e fo re  w a sh in g , th e  0.1 %  w /v  o f  dye  
so lu tio n  in  th e  o il ( la b e le d  as c o n tro l so il so lu tio n )  w a s  p re p a re d  fo r lo a d in g  o n  th e  
fab ric  sw a tch es . T h e  so ile d  sw a tc h e s  w e re  su b se q u e n tly  w a sh e d  w ith  a  d e te rg en t 
so lu tio n . T h e  re s id u a l o il w a s  q u a n tita tiv e ly  e x tra c te d  fro m  th e  fab ric  u s in g  c h lo ro 
fo rm  an d  re c o v e re d  b y  e v a p o ra tin g  th e  so lv e n t in  a  ro to v a p  ap p a ra tu s . T h e  ex trac ted  
re m a in in g  so il a f te r  w a sh in g  w a s  d ilu te d  in  b u ta n - l - o l  ( la b e le d  as e x p e rim e n ta l so il). 
T h e  a b so rp tio n  p e a k s  fo r th e  tw o  sam p le s  w e re  m e a su re d  to  see  th e  a g re e m e n t b e t
w een  th e  p e a k  in te n s itie s  a t 518  n m  (A,max o f  so lv e n t red  27).
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Appendix D Phase Behavior Studies of DOWFAX 8390-AOT-Span 80 
with Motor Oil

T h e  se lec ted  su rfac tan ts  sy s tem s fo r p h a se  b e h a v io r  s tu d ie s  w e re  sh o w n  in 
T a b le  D l .

Table Dl S u rfa c ta n ts  an d  so d iu m  c h lo r id e  co n c e n tra tio n s  fo r th e  sy stem  co n ta in in g  
D o w fax  8 3 9 0 /A O T /S p a n  80 w ith  m o to r  o il.

S u rfac tan t c o n c e n tra tio n  (%  w /v ) N aC l
S y stem D o w fax A O T S p an  80 c o n c e n tra tio n O il

(%  w /v ) (%  w /v ) (%  w /v ) (%  w /v )

A A 2 .0 0 5.35 2 .0 0 3 .7 5 -6 .0 M o to r  oil

B B 1.25 3 .00 2 .0 0 3 .7 5 -6 .0 M o to r  o il

C C 2 .0 0 3 .00 4 .7 2 3 .7 5 -6 .0 M o to r  o il

D D 2 .0 0 3 .00 2 .0 0 8 .7 5 -1 1 .0 M o to r  o il

T h e  a im  o f  th is  e x p e rim e n ta l p a rt w as  to  find  th e  ex ac t N a C l c o n c e n tra tio n  
w h e re  th e  su p e rso lu b iliz a tio n  an d  m id d le -p h a se  m ic ro e m u ls io n  o ccu rred . It w as 
o b se rv e d  th a t at sp e c if ie d  ra n g e  o f  N aC l (T ab le  D l ) ,  o n ly  W in so r  T y p e  III o ccu rred . 
T h e  d iffe re n ce s  in  p h a se  h e ig h t o f  th e  m id d le  p h a se  o f  each  sy s tem  w e re  a lso  
m easu red . A s  seen  in  F ig u re  D l ,  th e  h ig h e s t v o lu m e  o f  th e  m id d le  p h a se  w as  fo u n d  
in  sy stem  cc w h ic h  in d ica ted  th a t h ig h e s t so lu b iliz a tio n  w as o b ta in e d , th e re fo re  
sy stem  cc w a s  se le c te d  in  o rd e r  tc  p e rfo rm  m o re  sa lin ity  scan  to  g e t b o th  T y p e  I 
an d  T y p e  III m ic ro em u ls io n .
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1.0
น 0 .8  - E x c e ss  m o to r  o il

1  0 .6  - T y p e  III
1  0 .4
๕ 0 .2 E x c e ss  w a te r

0 .0 1 1 1 1 1 [ 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3 .7  4 .0  4 .3  4 .6  4 .9  5 .2  5.5 5.8 

N a C l concentration , (%  w /v)

Figure DI M id d le  p h a se  m ic ro e m u ls io n  p h a se  d ia g ra m  fo r 2 .0  %  w /v  D o w fa x , 3 .0  
%  w /v  A O T , an d  4 .7 2  %  w /v  S p a n  80  (sy s te m  C C ) w ith  v a ry in g  so d iu m  ch lo rid e  
c o n c e n tra tio n , th e  sy s tem  w a s  e q u ilib ra te d  at 2 5 ° c .

F ig u re  D 2  illu s tra te s  th e  u se  o f  sa lin ity  scan  as  an  a p p ro a c h  to  d riv e  W in so r 
T y p e  I to  W in so r  T y p e  III m ic ro e m u ls io n  b y  in c re a s in g  sa lt c o n c e n tra tio n . T h is  is 
b e c a u se  in c re a s in g  e le c tro ly te  co n c e n tra tio n s  d e c re a se s  th e  H L B  o f  th e  su rfa c ta n t 
sy s tem  an d  is ab le  to  p ro d u c e  a  m id d le -p h a se  m ic ro e m u ls io n  sy stem .

Figure D2 M id d le  p h a se  m ic ro e m u ls io n  p h a se  d ia g ra m  fo r 2 .0  %  w /v  D o w fa x , 3 .0  
%  w /v  A O T , an d  4 .7 2  %  w /v  S p an  80 w ith  v a ry in g  so d iu m  c h lo r id e  c o n c e n tra tio n  at 
3 0 ° c .
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T h e  se c o n d  o b je c tiv e  o f  th is  s tu d y  w as  to  d e te rm in e  th e  so lu b iliz a tio n  
p a ra m e te r  o f  th e  W in so r  T y p e  I w h e re  su p e rso lu b iliz a tio n  o c c u rre d  an d  W in so r  T y p e  
III m ic ro e m u ls io n  in  o rd e r  to  รณ d y  th e  o il so lu b ility  e n h a n c e m e n t. T h e  p lo t  b e t
w een  th e  so lu b iliz a tio n  p a ra m e te r  an d  so d iu m  c h lo r id e  c o n c e n tra tio n  as seen  in 
F ig u re  D 3 sh o w s  th a t su p e rso lu b iliz a tio n  w a s  fo u n d  a t 2 %  w /v  N aC l and  the  
so lu b iliz a tio n  p a ra m e te r  is a lm o s t 20  tim e s  (2 .1 2  m L  o f  m o to r  o il/g  o f  su rfa c ta n ts  o r 
1.86 g o f  m o to r  o il/g  o f  su rfa c ta n ts )  g re a te r  th a n  th e  m o to r  o il  w a te r  so lu b ility  o f
0 .1 % . W h e re a s , th e  o il so lu b ility  in c re a se d  (2.71 m L  o f  m o to r  o il /g  o f  su rfa c ta n ts  or 
2 .38  g o f  m o to r  o il/g  o f  su rfa c ta n ts  v e rsu s  0 .1 % ) fo r th e  m id d le -p h a se  sy stem . It 
to o k  3 m o n th s  fo r  th e  sy s tem  to  reach  th e  eq u ilib r iu m  a t 30°c. F o r  th is  ex p e rim en t, 
th e  te m p e ra tu re  w a s  ch a n g e d  fro m  2 5 ° c  to  30°c b e c a u se  it is  m o re  c o n v e n ie n t to 
co n tro l th e  te m p e ra tu re  in  T h a ila n d , n o t o n ly  fo r p h a se  b e h a v io r  s tu d y  b u t a lso  for 
d e te rg e n c y  test.

Figure D3 S o lu b iliz a tio n  p a ra m e te r  as a  fo n c tio n  o f  so d iu m  c h lo r id e  c o n c e n tra tio n  
fo r 2 %  w /v  D o w fa x , 3 %  w /v  A O T , an d  4 .7 2  %  w /v  S p a n  80  (sy s te m  C C ) at 3 0 ° c .
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U n fo rtu n a te ly , p r io r  to  a d d itio n  o f  th e  m o to r  o il, th e  a q u e o u s  p h a se  (w ith o u t 
S p an  80) sh o w e d  o b v io u s  p h a se  se p a ra tio n  at 3 .5  %  w /v  u p w a rd  o f  so d iu m  ch lo rid e . 
T h e  p h a se  se p a ra tio n  w as c o n firm e d  b y  u s in g  o p tic a l m ic ro sc o p e  w ith  1,000 
m a g n if ic a tio n . D o w fa x  c o n c e n tra tio n  o f  e a c h  p h a se  w a s  a n a ly se d  b y  u s in g  uv 
sp e c tro p h o to m e te r , th e  ab so rb a n c e  w as re a d  a t 2 3 6  n m . It w a s  fo u n d  th a t th e  b o tto m  
p h a se  c o n ta in e d  ab o u t 3 %  o f  D o w fax  w h e re a s  th e  u p p e r  p h a se  h a d  ab o u t 1% o f  
D o w fax . A fte r  a d d in g  s p a n  80, th e  p h a se  se p a ra tio n  a lso  o c c u rre d  w ith  th e  u p p e r 
p h a se  o f  S p a n  80  o n  th e  su rfa c e  at h ig h  sa lt co n c e n tra tio n .

T h e re fo re , th is  fo rm u la tio n  co u ld  n o t b e  u se d  fo r d e te rg e n c y  test. In  w a sh 
in g  p ro c e ss  i f  th e  su rfa c ta n t so lu tio n  is n o t h o m o g e n e o u s , S p a n  80  m ig h t a tta c h  to  the  
fab ric  an d  c a u se  d iff ic u lty  in  c le a n in g  th e  fab ric . T o  so lv e  th is  p ro b le m , o n e  w a y  
w a s  th e  in c re a se  in  D o w fa x  fro m  2 %  w /v  to  3-6  %  w /v . A n o th e r  w a y  w a s  u s in g  
iso p ro p a n o l w ith  th e  c o n c e n tra tio n  v a ry in g  fro m  1 %  w /v  u p  to  2 0  %  w /v . It w as  n o t 
su c c e e d e d  b y  th e se  tw o  m e th o d s . H o w e v e r, S p an  80  co u ld  b e  m o re  so lu b le  b u t n o t 
c o m p le te ly  d isso lv ed .

D u e  to  v e ry  h ig h  h y d ro p h ilic ity  o f  D o w fa x  an d  th e  d if fe re n c e  in  so lu b ility  
o f  th e  su rfa c ta n ts , p h a se  se p a ra tio n  to o k  p lace .
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Appendix E Phase Behavior Studies of DOWFAX 8390-AOT-Span 20 
with Hexadecane and Motor Oil

T h e  re su lts  o f  p h a se  b e h a v io r  s tu d ie s  o f  a n o th e r  tw o  sy s te m s  as seen  in  
T a b le  E l  w e re  p re se n te d  in  F ig u re  E 1-E 4 .

Table El S u rfa c ta n ts  an d  so d iu m  ch lo rid e  c o n c e n tra tio n s  fo r th e  sy s tem  co n ta in in g  
D o w fa x  8 3 9 0 /A O T /S p a n  20  w ith  m o to r  o il an d  h ex ad ecan e .

S y stem

S u rfa c ta n t c o n c e n tra tio n
Propylene 

glycol 
(% w/v)

N aC l
c o n c e n 
tra tio n

(%  w /v )

O il
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Figure E l Middle phase microemulsion phase diagram for 1.2 % w/v Dowfax, 3.6
% w/v AOT, 4.8 % w/v Span 20 and 10 % w/v PG (system E) with varying sodium
chloride concentration at 30°c.
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N a C l concentration , (%  w /v)
Figure E2 S o lu b iliz a tio n  p a ra m e te r  as a  fu n c tio n  o f  so d iu m  c h lo r id e  c o n c e n tra tio n  
fo r 1.2 %  w /v  D o w fa x , 3 .6  %  w /v  A O T , 4 .8  %  w /v  s p a n  2 0  an d  10 %  w /v  P G  
(sy s te m  E  w ith  v a ry in g  so d iu m  c h lo r id e  c o n c e n tra tio n  a t 3 0 ° c .

T h e  so lu b iliz a tio n  p a ra m e te r  at su p e rso lu b iliz a tio n  w a s  2 .9 8  m L  o f  o il /g  o f  su rfa c 
tan ts  w h ile  at o p tim u m  sa lin ity  (1 .4 1 %  N a C l)  th e  h e x a d e c a n e  so lu b ility  w a s  3 .7 0  m L  
o f  o il/g  o f  su rfac tan ts .

F o r  th e  m ix tu re  o f  1.2 %  D o w fa x / 3 .6  %  A O T / 4 .8  %  S p a n  20  w ith  20  %  
P G  (sy s te m  F ), th e  w id th  o f  m id d le  p h a se  w as  to o  n a rro w  ( lo w  o il so lu b iliz a tio n  
p a ra m e te r)  an d  th e  o p tim a l sa lin ity  w as  q u ite  h ig h  (see  F ig u re  E 3 an d  E 4).
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Figure E3 Middle phase microemulsion phase diagram for 1.2 % w/v Dowfax, 3.6 
% w/v AOT, 4.8 % w/v Span 20 and 20 % w/v PG (system E) with varying sodium 
chloride concentration at 30°c.

รgQh

Figure E4 Solubilization parameter as a function of sodium chloride concentration 
for 1.2 % w/v Dowfax, 3.6 % w/v AOT, 4.8 % w/v Span 20 and 20 % w/v PG 
(system E) with varying sodium chloride concentration at 30°c.
The optimal salinity was more than 5%, and the SPo at supersolubilization was 1.32 
mL of oil/g of surfactants.
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Appendix F Relative Volume and Solubilization Parameter Results

Table FI Effect of sodium chloride concentration on relative volume and solubiliza
tion parameter for system c c  (Dowfax/AOT/Span 80) with motor oil.

NaCl Relative volume of Ms SPw SPo
(% w/v) water middle oil (g) (mL/g) (mL/g)
1.5078 0.5294 0 .0 0 0 0 0.4706 0.4864 10.2803 0.6047
1.7538 0.5882 0 .0 0 0 0 0.4118 0.4859 10.2901 1.8159
1.9995 0.6029 0 . 0 0 0 0 0.3971 0.4862 10.2833 2.1172
2.5103 0.2072 0.4073 0.3855 0.4865 6.0179 2.3542
3.0136 0.2878 0.3317 0.3805 0.4857 4.3683 2.4604
3.4988 0.3303 0.2954 0.3743 0.4863 3.4902 2.5850
3.9997 0.3517 0.2729 0.3755 0.4858 3.0538 2.5634
5.0037 0.3755 0.2592 0.3654 0.4860 2.5622 2.7702
6.0096 0.3915 0.2482 0.3603 0.4859 2.2321 2.8753
7.0078 0.4055 0.2386 0.3559 0.4859 1.9449 2.9647
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Table F2 Effect of sodium chloride concentration on relative volume and solubiliza
tion parameter for system A (Dowfax/AOT/Span 20) with hexadecane.

NaCl Relative volume of Ms SPw SPo
(% w/v) water middle oil (g) (mL/g) (mL/g)
0.7997 0.6010 0.0000 0.3990 0.7279 10.3038 2.0811
1.0029 0.6139 0.0000 0.3861 0.7190 10.4314 2.3755
1.1984 0.2426 0.3911 0.3663 0.7220 5.3483 2.7770
1.4008 0.3168 0.3267 0.3564 0.7188 3.8224 2.9959
1.6144 0.3515 0.3020 0.3465 0.7202 3.0934 3.1965
1.8048 0.3713 0.2921 0.3366 0.7290 2.6485 3.3616
2.0149 0.3861 0.2871 0.3267 0.7212 2.3682 3.6037
2.1989 0.3911 0.2871 0.3218 0.7199 2.2692 3.7133



48

Table F3 Effect of sodium chloride concentration on relative volume and solubiliza
tion parameter for system B (Dowfax/AOT/Span 20) with hexadecane.

NaCl Relative volume of Ms SPw SPo
(% w/v) water middle oil (g) (mL/g) (mL/g)
0.7996 0.5792 0.0000 0.4208 0.4798 10.4221 1.6502
1.0068 0.5938 0.0000 0.4062 0.4803 10.4103 1.9525
1.2136 0.2774 0.3331 0.3896 0.4799 4.6393 2.3014
1.3964 0.3435 0.2755 0.3811 0.4799 3.2614 2.4785
1.6076 0.3708 0.2631 0.3661 0.4962 2.6038 2.6979
1.8044 0.3851 0.2434 0.3714 0.4826 2.3797 2.6634
2.0140 0.3961 0.2353 0.3686 0.4787 2.1702 2.7450
2.2028 0.4072 0.2296 0.3632 0.4794 1.9361 2.8529
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Table F4 Effect of sodium chloride concentration on relative volume and solubiliza
tion parameter for system c  (Dowfax/AOT/Span 20) with motor oil.

NaCl Relative volume of Ms SPw SPo
(% w/v) water middle oil (g) (mL/g) (mL/g)
0.8110 0.6188 0.0000 0.3812 1.2024 6.2377 1.4822
1.0137 0.1163 0.5068 0.3770 1.1997 4.7979 1.5381
1.2230 0.2205 0.4064 0.3731 1.2011 3.4905 1.5852
1.3973 0.2606 0.3623 0.3771 1.1994 2.9946 1.5370
1.6020 0.2888 0.3331 0.3781 1.1995 2.6411 1.5249
1.7997 0.3103 0.3116 0.3781 1.2098 2.3516 1.5119
1.9997 0.3255 0.3018 0.3727 1.2026 2.1759 1.5883
2.9930 0.3659 0.2597 0.3744 1.2009 1.6746 1.5690
4.0070 0.3820 0.2528 0.3652 1.2013 1.4739 1.6831
5.0157 0.3889 0.2459 0.3652 1.2011 1.3874 1.6835
6.0070 0.3905 0.2529 0.3566 1.1990 1.3702 1.7943
7.0047 0.4002 0.2472 0.3527 1.2012 1.2465 1.8398
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Table F5 Effect of sodium chloride concentration on relative volume and solubiliza
tion parameter for system D (Dowfax/AOT/Span 20) with motor oil.

NaCl Relative volume of Ms SPw SPo
(% w/v) water middle oil (g) (mL/g) (mL/g)
0.8168 0.6085 0.0000 0.3915 0.8001 6.2489 1.3925
1.0024 0.1650 0.4401 0.3949 0.8000 4.1727 1.3669
1.2004 0.2397 0.3747 0.3856 0.8013 3.1930 1.4275
1.3964 0.2742 0.3324 0.3933 0.7986 2.7849 1.3471
1.6136 0.3045 0.2915 0.4040 0.7996 2.4447 1.2011
1.8068 0.3238 0.2822 0.3940 0.8015 2.1988 1.3226
2.0132 0.3373 0.2680 0.3947 0.7998 2.0342 1.3161
2.1932 0.3475 0.2586 0.3939 0.8014 1.9026 1.3237
3.0032 0.3618 0.2455 0.3927 0.7989 1.7293 1.3434
4.0032 0.3798 0.2298 0.3904 0.8070 1.4890 1.3581
5.0036 0.3926 0.2236 0.3838 0.7995 1.3430 1.4537
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Table F6 Effect of sodium chloride concentration on relative volume and solubiliza
tion parameter for system E (Dowfax/AOT/Span 20) with hexadecane.

NaCl Relative volume of Ms SPw SPo
(% w/v) water middle oil (g) (mL/g) (mL/g)
0.7632 0.6131 0.0000 0.3869 0.4817 10.3790 2.3472
0.9156 0.6260 0.0000 0.3740 0.4803 10.4097 2.6229
0.9980 0.0404 0.6028 0.3568 0.4811 10.3936 2.9763
1.1580 0.2176 0.4231 0.3593 0.4794 5.8901 2.9345
1.3028 0.3011 0.3667 0.3322 0.4797 4.1461 3.4985
1.4544 0.3308 0.3515 0.3178 0.4802 3.5247 3.7951
1.6076 0.3528 0.3436 0.3036 0.4814 3.0583 4.0798
1.7804 0.3709 0.3385 0.2905 0.4790 2.6944 4.3729
1.9100 0.3740 0.3314 0.2946 0.4806 2.6219 4.2735
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Table F7 Effect of sodium chloride concentration on relative volume and solubiliza
tion parameter for system F (Dowfax/AOT/Span 20) with motor oil.

NaCl Relative volume of Ms SPw SPo
(% w/v) water middle oil (g) (mL/g) (mL/g)
0.8043 0.5560 0.0000 0.4440 0.7196 10.4223 1.1669
1.0213 0.5634 0.0000 0.4366 0.7208 10.4056 1.3607
1.2051 0.2967 0.2696 0.4337 0.7213 4.2283 1.3779
1.3973 0.3434 0.2195 0.4371 0.7216 3.2558 1.3068
1.5987 0.3631 0.1954 0.4416 0.7200 2.8528 1.2174
1.8024 0.3839 0.1814 0.4346 0.7206 2.4158 1.3609
2.0019 0.3916 0.1701 0.4383 0.7199 2.2581 1.2861
2.5021 0.4116 0.1552 0.4333 0.7197 1.8435 1.3911
2.9981 0.4233 0.1385 0.4382 0.7277 1.5817 1.2731
3.5205 0.4295 0.1284 0.4421 0.7208 1.4665 1.2053
3.9973 0.4278 0.1360 0.4362 0.7209 1.4560 1.3355
4.5045 0.4323 0.1268 0.4409 0.7221 1.4054 1.2286



Appendix G Interfacial Tension Results at NaCl Different Salinity for System A and c 
Table G1 Interfacial tension at different NaCl concentration for system A.

NaCl
(%)

D en sity  m easurem ent IFT m easurem ent
Oil Middle phase water Middle phase/oil Middle phase/water

wt(g) Volume
(nL) (g/mL)

wt(g) Volume
(pL) (g/mL)

wt(g) Volume
(HL) (g/mL)

d
(mm)

speed
(rpm)

IFT d
(mm)

speed
(rpm)

IFT

0 .80 0.1516 200 0 .758 0.1906 200 0.953 - - - 1.370 1,607 0 .0132 - - -

1.00 0.1522 200 0.761 0.1915 200 0 .958 - - - 1.515 1,554 0 .0168 - - -

0.1522 200 0.761 0.1915 200 0 .958 - - - 2 .7 5 0 503 0 .0106 - - -

1.20 0.1444 200 0 .722 0.1911 200 0 .95 6 0.1962 200 0.981 1.280 1,230 0 .0076 - - -

0.1444 200 0 .72 2 0.1911 200 0 .95 6 0.1962 200 0.981 1.230 1,499 0 .0100 - - -

1.40 0.1495 200 0 .74 8 0.1811 200 0 .90 6 0.1967 200 0 .984 1.540 990 0.0058 - - -

1.61 0.1564 200 0 .78 2 0.1724 200 0.862 0.2036 200 1.018 1 555 1,070 0 .0035 1.210 1,714 0.0083

0.1564 200 0 .78 2 0.1724 200 0.862 0.2036 2 0 0 1.018 1.370 1,473 0 .0046 0 .790 2 ,912 0 .0067

1.80 0.1573 200 0.787 0.1767 200 0.884 0.2078 200 1.039 - - - 1.305 1,825 0 .0118

0.1573 200 0 .78 7 0.1767 200 0 .88 4 0.2078 2 00 1.039 - - - 1.205 2 ,119 0 .0125

2 .00 0.1620 200 0 .810 0.1784 200 0 .892 0.2072 200 1.036 1.315 1,386 0 .0 0 3 7 0 .980 3 ,195 0.0141

0.1620 200 0 .810 0.1784 200 0 .8 92 0.2072 200 1.036 1.165 1,344 0 .0024 - - -



Table G2 Interfacial tension at different NaCl concentration for system c .

NaCl

(%)

D e n s ity  m ea su r em en t IF T  m ea su r em en t

Oil M iddle phase water M iddle phase/oil M iddle phase/water

wt(g) Volum e
(pL) (g/mL)

wt(g) V olum e
(pL ) (g/mL)

wt(g) V olum e
(pL) (g/mL)

d
(m m )

speed
(rpm )

IFT d
(m m )

speed
(rpm )

IFT

0.81 0.1340 150 0.893 0.1530 150 1.018 - - - 1.095 2958 0 .0146 - -

0.1340 150 0.893 0.1530 150 1.018 - - - 1.230 3580 0.0169 - - -

1.01 0.0459 50 0.918 0.0516 50 1.032 - - - 0 .9 20 3933 0 .0140 - - -

0.0459 50 0.918 0.0516 50 1.032 - - - 1.205 2798 0 .0159 - - -

2 .00 0.0459 50 0.918 0.0494 50 0.988 0.0505 50 1.010 1.350 2672 0 .0126 1.455 3438 0 .0082

0.0459 50 0.918 0.0494 50 0.988 0.0505 50 1.010 1.290 2847 0.0124 1.340 3838 0 .0080

2 .99 0.0462 50 0.924 0.0497 50 0.994 0.0506 50 1.012 1.560 2160 0 .0127 2 .010 2874 0.0123

4.01 0.0460 50 0.920 0.0500 50 1.000 0.0519 50 1.038 1.265 2905 0 .0140 1.585 3972 0 .0244

0.0460 50 0.920 0.0500 50 1.000 0.0519 50 1.038 1.215 3189 0 .0149 1.560 4 08 0 0.0245

5 .02 0.0458 50 0.916 0.0498 50 0.996 0.0518 50 1.036 1.370 2605 0.0143 1.975 3603 0 .0408

0.0458 50 0.916 0.0498 50 0.996 0.0518 50 1.036 1.240 2998 0 .0140 2 .020 3477 0 .0407

น'ฯ
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Appendix H Calibration Curve for Colored Hexadecane and Colored Motor 
Oil

Figure HI Relationship between colored hexadecane concentration and the 
absorbance measured at 520 nm.

Table HI Relationship between colored hexadecane concentration and the 
absorbance measured at 520 nm.

Concentration 
of motor oil, 
(%, w/v)

0.01 0.02 0.05 0.10 0.15 0.20

Absorbance 0.009 0.017 0.041 0.082 0.123 0.165
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Figure H2 Relationship between colored motor oil concentration and the 
absorbance measured at 520 nm.

Table H2 Relationship between colored motor oil concentration and the absorbance 
measured at 520 nm.

Concentration 
of motor oil,
(%, w/v)

0.01 0.02 0.05 0.10 0.15 0.20

Absorbance 0.007 0.015 0.038 0.079 0.119 0.160



Appendix I Hexadecane Removal from Cotton and Polyester Fabrics Using Formulation A at different NaCl concentration 

Table II Hexadecane removal from cotton fabric based on spectrophotometric measurement.

Sample no. NaCl
(%, w/v)

Soil weight 
before 

washing (g)

Amount of 
applied soil 

(%)

Absorbance of 
extracted soil 
after washing

Amount of 
residual soil 

(%)

Soil removal 
(%)

Average soil 
removal (%)

1 0.80 0.0238 0.0952 0.033 0.0401 57.88 57.80
2 0.80 0.0230 0.0920 0.032 0.0389 57.73
1 0.90 0.0247 0.0988 0.033 0.0401 59.41 59.87
2 0.90 0.0245 0.0980 0.032 0.0389 60.32
1 1.00 0.0244 0.0976 0.031 0.0377 61.40 62.72
2 1.00 0.0245 0.0980 0.029 0.0352 64.04
1 1.20 0.0238 0.0952 0.029 0.0348 63.49 63.69
2 1.20 0.0244 0.0976 0.029 0.0352 63.89

Cont.
น̂



Table II (Continued)
Sample no. NaCl

(%, w/v)
Soil weight 

before 
washing (g)

Amount of 
applied soil 

(%)

Absorbance of 
extracted soil 
after washing

Amount of 
residual soil

(%)

Soil removal 
(%)

Average soil 
removal (%)

1 1.40 0.0242 0.0968 0.028 0.0340 64.85
64.402 1.40 0.0236 0.0944 0.028 0.0340 63.96

1 1.50 0.0245 0.0980 0.026 0.0311 68.26 68.272 1.50 0.0249 0.0996 0.026 0.0316 68.28
1 1.60 0.0242 0.0968 0.025 0.0299 69.12

69.802 1.60 0.0247 0.0988 0.024 0.0292 70.48
1 1.80 0.0236 0.0944 0.025 0.0301 68.08

68.282 1.80 0.0241 0.0964 0.025 0.0304 68.49
1 2.00 0.0245 0.0980 0.027 0.0326 66.77

67.062 2.00 0.0242 0.0968 0.026 0.0316 67.36

Remarks: After extraction, the volume of the extracted soil was made up to 25 mL with butan-l-ol.



Table 12 Hexadecane removal from polyester fabric based on spectrophotometric measurement.

Sample no. NaCl
(%, w/v)

Soil weight 
before 

washing (g)

Amount of 
applied soil

(%)

Absorbance of 
extracted soil 
after washing

Amount of 
residual soil 

(%)

Soil removal 
(%)

Average soil 
removal (%)

1 0.80 0.0209 0.0836 0.053 0.0644 22.96 23.16
2 0.80 0.0222 0.0888 0.056 0.0681 23.37
1 0.90 0.0221 0.0884 0.050 0.0608 31.27 31.88
2 0.90 0.0225 0.0900 0.050 0.0608 32.49
1 1.00 0.0206 0.0824 0.045 0.0547 33.64 33.83
2 1.00 0.0221 0.0884 0.048 0.0583 34.02
1 1.20 0.0220 0.0880 0.046 0.0559 36.48

36.93
2 1.20 0.0228 0.0912 0.047 0.0571 37.37
1 1.40 0.0229 0.0916 0.044 0.0535 41.63

41.55
2 1.40 0.0218 0.0872 0.042 0.0510 41.47

Cont.
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Table 12 (Continued)
Sample no. NaCl 

(%, w/v)
Soil weight 

before 
washing (g)

Amount of 
applied soil 

(%)

Absorbance of 
extracted soil 
after washing

Amount of 
residual soil 

(%)

Soil removal 
(%)

Average soil 
removal (%)

1 1.50 0.0217 0.0868 0.041 0.0498 42.60 42.23
2 1.50 0.0209 0.0836 0.040 0.0486 41.86
1 1.60 0.0212 0.0848 0.040 0.0486 42.68

42.86
2 1.60 0.0208 0.0832 0.039 0.0474 43.04
1 1.80 0.0215 0.0860 0.042 0.0510 40.65 40.64
2 1.80 0.0220 0.0880 0.043 0.0523 40.62
1 2.00 0.0219 0.0876 0.045 0.0547 37.58 37.26
2 2.00 0.0212 0.0848 0.044 0.0535 36.95

Remarks: After extraction, the volume of the extracted soil was made up to 25 mL with butan-l-ol.



Table 13 Hexadecane removal from cotton and polyester fabric based on reflectance measurement.

Reflectance value (R) measured at 520 irai
Sample no. NaCl Cotton fabric Polyester fabric

(%, w/v) Before
washing

After washing Average A R Before
washing

After washing Average A R

1 0.80 35.195 47.232 44.551 51.244
2 0.80 35.257 47.610 12.501 44.852 52.631 6.908
3 0.80 36.124 49.236 45.316 51.567
1 0.90 36.265 48.546 44.626 52.571
2 0.90 36.237 48.953 12.914 45.103 51.480 7.399
3 0.90 35.709 49.454 44.108 51.982
1 1.00 36.261 49.921 44.474 52.201
2 1.00 34.911 48.169 13.562 44.480 52.126 7.798
3 1.00 35.045 48.813 44.344 52.364

Cont.
ON



Table 13 (Continued)
Reflectance value (R) measured at 520 nm

Sample no. NaCl Cotton fabric Polyester fabric
(%, w/v) Before

washing
After washing Average A R Before

washing
After washing Average À R

1 1.20 35.504 49.058 43.380 53.859
2 1.20 35.369 49.243 13.589 44.463 53.620 9.402
3 1.20 35.091 48.431 44.621 53.191
1 1.40 34.996 48.339 43.895 56.319
2 1.40 35.106 48.565 13.706 43.455 55.072 11.802
3 1.40 34.926 49.243 44.832 56.197
1 1.50 35.421 50.614 44.044 56.645
2 1.50 36.916 52.360 15.291 44.557 55.743 11.939
3 1.50 36.012 51.247 43.445 55.475
1 1.60 36.383 52.644 45.887 57.753
2 1.60 36.659 51.501 15.981 46.080 57.894 11.393
3 1.60 36.383 53.223 46.617 57.117



Table 13 (Continued)

Sample no. NaCl 
(%, w/v)

Reflectance value (R) measured at 520 nm
Cotton fabric Polyester fabric

Before
washing

After washing Average A R Before
washing

After washing Average A R

1 1.80 36.531 52.384
15.462

46.125 57.966
44.4342 1.80 36.583 52.114 46.593 57.530

3 1.80 36.519 51.522 46.049 57.573
1 2.00 35.662 51.109

15.170
45.950 56.508

11.0772 2.00 35.427 50.580 45.716 57.086
3 2.00 35.677 50.588 45.750 57.054



Appendix J Motor Oil Removal from Cotton and Polyester Fabrics Using Formulation c  at different NaCl concentration 

Table J1 Motor oil removal from cotton fabric based on spectrophotometric measurement.

Sample no. NaCl
(%, w/v)

Soil weight 
before 

washing (g)

Amount of 
applied soil 

(%)

Absorbance of 
extracted soil 
after washing

Amount of 
residual soil 

(%)

Soil removal 
(%)

Average soil 
removal (%)

1 0.80 0.0236 0.0944 0.035 0.0440 53.36 53.54
2 0.80 0.0231 0.0924 0.034 0.0428 53.71
1 1.60 0.0239 0.0956 0.035 0.0440 53.95 55.17
2 1.60 0.0238 0.0952 0.033 0.0415 56.40
1 2.00 0.0236 0.0944 0.033 0.0415 56.03 57.27
2 2.00 0.0235 0.0940 0.031 0.0390 58.52
1 3.30 0.0221 0.0884 0.032 0.0403 54.46 56.49
2 3.30 0.0235 0.0940 0.031 0.0390 58.52

Cont.
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Table J1 (Continued)
Sample no. NaCl

(%, w/v)
Soil weight 

before 
washing (g)

Amount of 
applied soil 

(%)

Absorbance of 
extracted soil 
after washing

Amount of 
residual soil 

(%)

Soil removal 
(%)

Average soil 
removal (%)

1 4.00 0.0221 0.0884 0.033 0.0415 53.04
54.36

2 4.00 0.0227 0.0908 0.032 0.0403 55.67
1 5.00 0.0230 0.0920 0.035 0.0440 52.14 53.51
2 5.00 0.0230 0.0920 0.033 0.0415 54.88

Remarks: After extraction, the volume of the extracted soil was made up to 25 mL with butan-l-ol.



Table J2 Motor oil removal from polyester fabric based on spectrophotometric measurement.

Sample no. NaCl 
(%, w/v)

Soil weight 
before 

washing (g)

Amount of 
applied soil 

(%)

Absorbance of 
extracted soil 
after washing

Amount of 
residual soil

(%)

Soil removal 
(%)

Average soil 
removal

(%)
1 0.80 0.0223 0.0892 0.059 0.0742 16.80

16.33
2 0.80 0.0228 0.0912 0.061 0.0767 15.86
1 1.60 0.0226 0.0904 0.059 0.0742 17.90 17.57
2 1.60 0.0228 0.0912 0.060 0.0755 17.24
1 2.00 0.0226 0.0904 0.057 0.0717 20.68 21.03
2 2.00 0.0228 0.0912 0.057 0.0717 21.38
1 3.30 0.0225 0.0900 0.057 0.0717 20.33

20.51
2 3.30 0.0226 0.0904 0.057 0.0717 20.68
1 4.00 0.0247 0.0988 0.063 0.0792 19.79 19.90
2 4.00 0.0228 0.0912 0.058 0.0730 20.00

Cont.
OSo\



Table J2 (Continued)
Sample no. NaCl

(%, w/v)
Soil weight 

before 
washing (g)

Amount of 
applied soil 

(%)

Absorbance of 
extracted soil 
after washing

Amount of 
residual soil

(%)

Soil removal 
(%)

Average soil 
removal

(%)
1 5.00 0.0235 0.0940 0.060 0.0755 19.71

19.882 5.00 0.0236 0.0944 0.060 0.0755 20.05

Remarks: After extraction, the volume of the extracted soil was made up to 25 mL with butan-l-ol.



Table J3 Motor oil removal from cotton and polyester fabric based on reflectance measurement.

Reflectance value (R) measured at 520 nm
Sample no. NaCl Cotton fabric Polyester fabric

(%, w/v) Before
washing

After washing Average A R Before
washing

After washing Average A R

1 0.80 33.954 44.517 35.197 41.421
2 0.80 33.672 44.713 10.988 35.954 41.001 5.572
3 0.80 33.235 44.596 35.623 40.708
1 1.60 32.819 44.233 35.699 40.737
2 1.60 32.542 44.158 11.422 35.045 41.107 5.606
3 1.60 32.770 44.005 35.361 41.078
1 2.00 32.640 44.229 35.116 41.136
2 2.00 33.796 46.242 11.617 35.345 40.735 5.770
3 2.00 33.169 43.985 35.108 41.008

Cont.

๐0



Table J3 (Continued)
Reflectance value (R) measured at 520 nm

Sample no. NaCl Cotton fabric Polyester fabric
(%, w/v) Before

washing
After washing Average À R Before

washing
After washing Average A R

1 3.00 33.078 44.229 35.384 41.010
2 3.00 32.457 43.977 11.251 35.153 40.895 5.671
3 3.00 32.428 43.510 34.648 40.294
1 4.00 32.770 43.900 34.684 40.564
2 4.00 32.962 43.623 10.804 35.298 40.825 5.699
3 4.00 33.070 43.691 35.326 41.017
1 5.00 33.364 44.039 35.432 40.916
2 5.00 33.624 43.891 10.367 35.156 40.990 5.660
3 5.00 33.678 43.836 35.659 41.320
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Oil concentration of each sample was 1,000 ppm.

Appendix K Results of Validation of Dye-Tracer Technique

Sample Absorbance Oil concentration (ppm) 
calculated from 
calibration curve

Control soil solution of hexadecane. 0.083 996
Recovered hexadecane from cotton 0.081 984
Recovered hexadecane from 0.080 972
polyester
Control soil solution of motor oil 0.080 1,006
Recovered motor oil from cotton 0.078 981
Recovered motor oil from polyester 0.078 981

This results shows that the concentration of dye in the soil left on the fabric after 
washing matches with the concentration of dye in the soil that was loaded.
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